Abstract: New and highly functionalized 1,3-dienes 3 and 4 have been synthesized via two different pathways starting from allyl bromide 1. Firstly, the reaction of allyl bromide 1 with triethylphosphite leads to an allylphosphonate 2, which undergoes the Wittig-Horner reaction with a range of saturated and unsaturated aldehydes gives rise to the corresponding 1,3-dienes 3. Secondly, a highly stereoselective reaction between allyl bromide 1 and nitroalkane salts, offers the possibility to obtaining functionalized (E)-1,3-dienes 4.
Introduction
Functionalized 1,3-dienes have been attracting considerable interest as valuable products or key intermediates that are widely used in organic synthesis [1] [2] [3] [4] and their preparation is an important goal for organic chemists. The 1,3-diene moiety can be found in a variety of bioactive natural products [5] [6] [7] [8] including terpenoids, fatty acid-derived lipids, pheromones and polyketides [9] [10] [11] [12] , but they are also often used as a starting material for the synthesis of microbial metabolites such as rebeccamycin 13 or alkaloid arcyriaflavin-A 14 and many other compounds with antifungal and antiviral properties [15] [16] [17] [18] [19] . In addition, 1,3-dienes have been heavily involved in Diels-Alder reactions [20] [21] [22] and several efforts were made during this decade to provide new synthetic routes to 1,3-dienes in complex structures [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Previously, we have reported a new synthetic route to the diethyl (E)-1-(bromomethyl)-2-cyanovinylphosphonate 1 39 and its application in the synthesis of new vinylphosphonates 40, 41 . Following our interest in the synthesis of polyfunctionalized 1,3-dienes 42-44 , we have sought to investigate, in the present work, the transformation of allyl bromide 1 into 1,3-dienes and the conditions of their preparation. For this purpose, we explored two ways which allow to obtain two families of 1,3-dienes 3 and 4 (Scheme 1), namely the use of allyl bromide 1 in an olefination type Wittig-Horner reaction (Route a) as well as its displacement using nitroalkane salts (route b). 
Results and Discussion
The conversion of the allyl bromide 1 to the corresponding allylphosphonate 2 has been carried out according to two procedures reported in the literature. Firstly, the use of the coupling reaction 45 of allyl bromide 1 with diethylphosphite in the presence of potassium carbonate as a base and tetrabutylammonium hydrogensulfate (TBAHS, 3 mol%) at 70°C, led to (E)-allylphosphonate 2 in low yield (23%). However, when a mixture of triethylphosphiteallyl bromide 1 was heated at 80°C without solvent, allylphosphonate 2 was isolated in 87% yield 46 (Scheme 2).
Scheme 2. (E)-Allylphosphonate 2 via the S N 2 substitution of (E)-allyl bromide 1.
The next step is based on the Wittig-Horner type reaction of allylphosphonate 2 with a variety of aliphatic and aromatic aldehydes in the presence of anhydrous potassium carbonate in THF (Scheme 3), to isolate a new family of highly functionalized (E,Z)-1,3-dienes 3a-d in good yields. The results depicted in Table 1 revealed that 1,3-dienes 3b-d are obtained as a mixture of two stereoisomers (1Z,3E) and (1E,3E), whereas 3a is isolated as a single stereoisomer (1E,3E). The stereochemistry of all dienes was ascertained by NOESY experiments. This motivating result prompted us to try another synthetic way to improve the yields of 1,3-dienes through the use of nitroalkane salts as nucleophilic reagents by assuming an easy S N 2' displacement of allyl bromide 1 and optimizing the formation of 1,3-dienes.
In our first study, we opted for the use of sodium ethoxide in ethanol to deprotonate nitroethane at room temperature which has unfortunately led to an ether instead of the expected 1,3-diene. This could be explained by the unexpected nucleophilic addition of ethanol, which reacts both as reagent and as solvent, to the double bond of bromide 1 to yield an allyl ether intermediate which rearranges into the corresponding vinyl isomer (Scheme 4).
Scheme 4.
Undesirable side reaction of allyl bromide 1 with ethanol to provide vinyl ether.
In order to avoid this side reaction, we tried other bases and solvents (Table 2) and we found that the use of diluted sodium hydroxide in the presence of cetyltrimethylammonium bromide (CTABr) as catalyst gave 1,3-diene 4a in modest yield (53%, entry 5), but the highest yield (94%) and the shortest reaction time (15 min) were achieved when the reaction of allyl bromide 1 with nitroethane (1.1 equiv.) was carried out in THF at room temperature in the presence of aqueous NaOH (0.6 M, 1.3 equiv.) without catalyst. The use of other bases such as DBU or DABCO was not conclusive (entries 2, 4). The overall results of this investigation are summarized in Table 2 .
Scheme 5. Synthesis of 1,3-diene 4a using various experimental conditions. Subsequently, we have extended this reaction to a wide variety of primary and secondary nitroalkanes to afford, under optimal reaction conditions, a new family of 2,3-difunctionalized 1,3-dienes 4a-d in good to excellent yields ( Table 3) . As can be seen in Scheme 6, 1,3-dienes 4a-d are obtained through S N 2'-type addition-elimination reaction of various nitronates with allyl bromide 1 followed by a loss of nitrous acid. Scheme 6. Highly stereoselective synthesis of 2,3-difunctionalized 1,3-dienes 4a-d Table 3 : Synthesis of (E)-2,3-difunctionalized-1,3-dienes 4a-d 47 The stereochemistry of dienes 4a-d has been assigned by the two-dimensional NMR (NOESY). The 1,3-diene 4a shows no correlation between vinyl proton H (d, 6.28 ppm) and those of CH 3 (d, 2.16 ppm). This result indicates that H and CH 3 are not close to each other thus ascertaining the E configuration of the 1,3-diene 4a.
Conclusion
In summary, we have successfully developed two simple and highly stereoselective methods for the synthesis of new polyfunctionalized 1,3-dienes 3 and 4 using firstly, the Wittig-Horner reaction of allylphosphonate 2 with some aliphatic and aromatic aldehydes and secondly, by means of the coupling reaction of allyl bromide 1 with nitroalkane salt.
Experimental Section

General.
1 H-NMR, 31 P-NMR and 13 C-NMR (fully decoupled) spectra were run on a Bruker AMX 300 spectrometer working at 300 MHz, 121 MHz and 75 MHz respectively for the proton, 31 P and 13 C in a pure deuterated CDCl 3 solvent and with tetramethylsilane (TMS) as the internal reference. The chemical shifts (δ) and coupling constants (J) are, respectively, expressed in parts per million (ppm) and Hertz (Hz). All NMR spectra were acquired at room temperature. Assignments of proton ( 1 H-NMR) and carbon ( 13 C-NMR) signals were secured by DEPT 135 and HMBC experiments. Multiplicity of peaks is indicated by the following: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet; dq, doublet of quartets; m, multiplet. All reactions were monitored by TLC on silica gel plates (Fluka Kieselgel 60 F254, Merck) eluting with the solvents indicated, visualized by a 254 nm UV lamp and aqueous potassium permanganate solution. For column chromatography, Fluka Kieselgel 70-230 mesh was used. The main compounds were examined by Gas chromatography-mass spectrometry (GC/MS) and spectra were recorded on an Agilent Technologies 6890 N instrument with an Agilent 5973 N mass detector (EI) and an HP5-MS 30 m×0.25 mm capillary apolar column (stationary phase: 5% diphenyldimethylpolysiloxane film, 0.25 µm).
